We investigate the influence of surface displacement on fluid motions induced by horizontally heterogeneous Joule heating in the inner core. The difference between the governing equations and those of Takehiro (2011) is the boundary conditions at the inner core boundary (ICB). The temperature disturbance at the ICB coincides with the melting temperature, which varies depending on the surface displacement. The normal component of stress equalizes with the buoyancy induced by the surface displacement.
Introduction 1
The origin of the elastic anisotropy of the Earth's inner core (e.g. Poupinet et al., and has a non-zero radial velocity component at the ICB, causing mass exchange be-16 tween the inner and outer core. This feature is a result of the constant normal stress 17 boundary condition at the ICB, and it is implicitly assumed that the phase change oc-18 curs instantaneously at the ICB. However, the actual speed of the phase change is finite.
19
If the speed of the phase change is slow enough, the ICB would be deformed, and sur-20 face displacement is induced by the non-zero radial velocity at the ICB. This surface 21 displacement may prevent inner core flows due to the buoyancy force originating from 22 the density contrast between the inner and outer core.
23
In this paper, we investigate the influence of surface displacement on fluid motions 
Model

33
We consider an MHD Boussinesq fluid in a sphere. The governing equations deter-34 mining steady flow and temperature disturbance induced by differential Joule heating 35 are as follows (Takehiro, 2011) :
v is velocity, v r is the radial component of velocity, ρ 0 is the mean density of the
37
Boussinesq fluid, p is pressure, T is the temperature disturbance, and dT B /dr is the ra- 
46
The difference between these governing equations and those of Takehiro (2011) is the boundary conditions at the ICB, where the effects of surface displacement emerge.
48
The normal stress is balanced at the surface with a buoyancy force proportional to the 49 density difference of the inner and outer core. The temperature at the surface is equal to the melting point, which is varied by the surface displacement. The tangential stresses 51 vanish at the surface.
Here, ∆ρ is the density difference between the inner and outer core, h(θ, ϕ) is the surface 53 displacement distribution, θ and ϕ are colatitude and azimuth, respectively, and dT m /dr 54 is the melting temperature gradient. For simplicity, stress and temperature are evaluated 55 at r = a, which is the boundary where the surface displacement vanishes.
56
The non-divergent flow field is expressed with the toroidal and poloidal potentials,
57
ψ and Φ, defined by
Eqs.
(1) and (2) become
From Eq. (8), ψ ≡ 0, meaning that the toroidal component is not induced. Removing 60 the temperature disturbance from Eqs. (9) and (10),
The boundary conditions are expressed with the velocity potentials. By taking the 62 horizontal divergence of Eq. (1), pressure can be expressed with the potentials. Then,
63
Eqs. (4), (5), and (6) become
Following the procedure of Takehiro scale is chosen to be the radius of the sphere a. Then, the poloidal potential should be
where q j = Q J /|Q J | is non-dimensionalised Joule heating, and R expresses the strength 71 of stable stratification,
The boundary conditions, Eqs. (12), (13), and (14) are normalised as:
where
Given the values of R, Γ m , and R s , the steady flow and temperature disturbance fields (2011). Using these values, the non-dimensional parameters are estimated as:
3. Results same as the case with no surface displacement.
132
The numerical calculations presented so far are performed by giving the amplitude heat for melting. Then, we have
u ′ are evaluated by using the numerical results of v r (r = a) and h. 
180
The amplitude of turbulent velocity in the outer core is considered to be on the order The advantage of the present model is that the velocity amplitude in the interior of 186 the inner core does not depend on viscosity, the value of which is quite ambiguous in 187 the inner core. However, the present estimation may be affected by other parameters. 
P D is the non-dimensional parameter expressing the effect of phase change on the dy- 
